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SuiMARY

A test yrogram waa conducted to provide data at 1200° F for 19-9DL
alloy %ar stock in three typical conditions of treatment. These were
the hot-rolled.,hot-cold-rolled, and solution-treated conditions. A
,stzmss~elief at 1200° F prior to testhg was ayplied to all samples.
The properties reyorted include tensile data at room temperature and
tensile, rupture, creep, total-deformation, and stabtlity test data at
1200° F. The results of three creep tests at 1350° F on hot-rolled
stock are dSO given.

The
s-tresses
ment was
material
tyyes of

highest strengths at 1200° F for short time periods and high
were shown by the hot-cold-worked stock. The solution treat-
lest for long time ~eriods and low stresses. The as-rolled
was intermediate. These ftidings were nozmal for the three
treatment.

Variations in properties can result from varyhg the conditions of
a t~e of treatment with the result that, under comwwial production
conditions, such products as forged discs, sheet, or bar stock frequently
have properties appreciably lower or Mgher than those reported. Those
treatments which pr0&z08 maximum strength at high teqeratures may not
properly develop other properties, such as corrosion resistance or
ductility, necessq for certain apylicatims and it maY be necessw to
sacrifice strength at high temperatmms in order to obtain them.

The properties were found to agree with the theory that strength
is dependent on the composition, size, end dispemion of precipi~ated
particles together with the strdn herdming from cold-work and strut-
turd stability. The treatments used ti prepering the test stock
apparently controlled the properties by changing these characteristics.

INTRODUCTION ,

The properties of alloys suitable for the components of gas turbines
operating at high temperatures vary considerably, depending on their
prior treatment and the service conditions. The large nmiber of
variables involved usually makes the data from most investigations of
such alloys incomplete. For this reason an investigateion was undertakcm
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to obtain reasonably complete data for typical bar stock of 19-9DL alloy ●

.

The investigation tivolved considerably nmre than data collecting because
it was intended to, end does,show the relatiowhip between processing
of a good heat-resistant alloy and the relative properties as a function
of tti, stress, strdn rate, and total defamation.

The typical conditions of processing of the test material selected
were (1) hot-rolled, (2) hot-cold-nlled at 1.200°1?to a ndnimum 0.02-
percent-offset yield strength of 80,000 psi, and (3) solution-treated.
AU three materials were stress-reHeved at 1200° F. Stificient data
were obtaimed at 1200° F for design curves in the form of stress against
time for total deformation for defo~tions of 0.1, 0.2, 0.~, and 1 per-
cent for time periods up to 2000 hours. Additional data from tensile,
rupture, amd qreep tests supplemented the design curves. A limited
amount of data at 1350° F was also obtained.

The experimental work was conducted at the Universi@ of Mic%igan
under the sponsorship and with the financial assistance of the National
Advisory Committee for Aeronautics. The test materiaM were furnished
gratis by the Universal.-CyclopsSteel Corporation. b addition, this
company contributed a considerable tiunt of the required data for hot-
rolled bar stock from privately sponsored work.

1

TEST “MATEEWW

The bar stock used for tests was fk’omtwo
of processing furnished by the mmmfactir is

I&nufacturer:

The

Chemical

Heat
number

Universal<ycl.ops Steel Corporation

M163 0.30 0.850.67 18.889.31
B10429 .331.14 .6519 .109.05

heats ● 5 descriptim
summarized as follows:

1.25 1’.180.33 0.190.025 -:--- -----
1.35 1.14 .35 .16 ----- 09015 0.016

Fabrication procedure:

The stock from heat IU63 waa

cornered square %=s. These
1200° F and air-cooled.

j 3nch round-furnished as hot-rolled ~-

had been stress-reHeved 1 hour at

.,
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Two ~-@h nxmd-cornered square bars

mibmitted. Bar 1 was hot-rolled with
about 1~0° F. Bar 2 was finished at
for 1 hour at 1200° l?.

from heat B30429 were

a fintihing
1650° F and

temperature of
stress-relieved

EmEKmmTAL PRocEImKE

Bar stock fmm heat n163 was.available as hot-rolled material, and
a considemble amount of the required data had been established in work
sponsoz%d by the UniversaJ--Cyc3qs Steel Corporation. This stock,
together‘withtheir data, was furnished for this investigation.

Bar 1 fmm heat B10429 was heated to 2100° F for 1 hour, air-cooled,
and then reheated to 1200° F for 1 hour to provide samples of solution-
treated stock.

The hot-cold-workedbar stock waa obtained by rolMng bar 2 fmm
heat B10429 at 1200° F. The actual reduction in cross-sectional area
was 20.2 percent. These bars were stress-relteved for 1 hour at 1200° F.

The testing p’ogram consisted of the following:

(1) Short-time tensile tests at room temperature and 1200° F

(2) Ru@ure tests uy to 2000-ho; duration at 1200° F

(3) suffici~t Creey tests at 1200° F to yrovide curves of stress
a@nst tim for total defozma.tionup to 2000-hour duration and ranging
from O.l-percent total deformation to rupture

Also three creep tests on hot-rolled stock

RESUEI’s

were conqd-etedat 1350° F.

Physical Ihmperties

The physical properties, in table I, varied as would be exyected
for the three types of treatment. The O.02-pemxnt -offset yield
strengths at room temperature varied from 26,~ to 100,000 psi with the 1
solution treatment producing the lowest and hot-cold-work the highest
strength.

The hot-rolled stock from heat I?163had intermediate strength
properties. It will %e noted, however, that the presumably equivabnt
hot-nlled stock, f%om heat B10429, used for the hot-cold-worked bar,
had considembly higher hardness and strength h the as-rolled condition.

.. .————---- -.. .-—.-——— ,—-. . . .. . - . . - — —. —.— —..-_-— —.—.——~ —— . ..- —
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Rupture Test Characteristics

The relative ryybure strengths of the lar stocks at 1200° F varied
deyenMng on their treatment.andthe time ~eriods considered. (See
table II and fig. 1.) For time periods ~ to appro-tely 2000 hours
the hot-cold-workingtreatmnt developed the highest strength; the hot-
rolled material waE titermed.iate;and the solution-treated, weakest.
Extrapolation of the curves of stress against rupture time to lf),000
hours indicates that the hot-rolled and solution-treated stock would
have eqti rupture strenglh of about 29,000 psi and the hot-cold-
wor~ material would be about 6000 ysi lower.

The hot-rolled stock had the highest elcmgatiqa and reduction of
area in the rupture testsj the hot-cold-worked material.was lowestj and

the solutiqn-treated stock was titermediate. Although the rupture test
ductility after hot-cold-workl.ngwas low, it increased with time for
rupture.

Time-DeformationCharacteristics

Curves showing the relationship between stress and time for various
total deformations for the three types of bar stock are given In
figures 2 to 5 ● The data for these curves, m.mmarized ti tables III
to V, were taken from time-elongation curves from creep tests and
rupture tests. ●

The comparative total-cleformation characteristics after the three
_Qyes of trea~nt are sumnarized h table VI and figure 6.

In geneti, the lower the total deformation or the longer the time
period considered, the less ~fference there was betwe= the three
conditions. The shorter the time period and the higher the total
deformation considered, the greater was the superiority shown by the
hot-cold-rolledbar stock. The hot-rolled material was titemedlate in
this respect. One important reason for this was that these two materials
had higher yield strengths and could support higher stresses than the
sol.ution-tzmatedstock without excessive yielding.

Because of the tide Mfference in total-deformation chWacteristlcs
of the creep and rupture tests, the total-clefomation curves for the hot-
rolled material are not as complete as would be desirable● This was

1 caused.by the ruptme test stresses bebg at or a%ove, wmb the creeP
tests were at stresses well below, the proportional limit.

The same situation existed for the tests on the solution-treated
stock, except that some of the creep tests ‘werealso above the propor-
tional limit● The initial deformation during the rupture tests was so
rapid and extensive that the extensometer used could not meaaure it.
The stress-strain curves for the tensile tests indicate, however, that
even the 32,~0 Tsi test exceeded 2-percent =tial defomatim. The

.
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total-deformationcurves underwent a double inflection between about
70 and 700 hem. , (See fig. 4.) Thiswaa the result of similAwimflec-
tions of the time-elangatloncurves during the creep tests caused.by a
decrease in specimm lmgth during the early portions of the tests.
Presumably the decrease occurred as a result of a volume contraction
accompanying precipitation.

The hot-rolled spechms alao underwent a volume decrease durhg
creep testing at 1200° l?,but the data are not ccqlete enough to show
definitely the inflections in the total-defamation curves. This volume
decrease was not observed in the hot-cold-worked specimens.

Somewhat erratic results were obtained tram the tests on the hot-
cold-worbd specimens. W addition the rate of creep aid not decrease
with time to the seinedegree as the other two conditions, with the
result that the total-clefozmation curves had a steeper slope. Scmleof
the thw -elongation curves for rupture tests were discarded because of
excessive creep h threads and adapters. The data shown, however, were
obtained with precision m%enmmeters and are not subject to error from
this source.

Only three creep tests were cmducted at 1350° F on the hot-rolled
nmterial. The total-defamation strengths were quite low, and third-
stage creep occurred at relatively low stresses and short time periods.
In fact, the transition tireswas more dependent cm time at 1350° F than
on stress. (See fig. 3.)

Creep Characteristics

The creep rates measured from the time-el.mgaticm curves of the
creep and rupture tests are summarfzed in table VII. h dl the creep
tests, except those at 1350° F on the hot-rolled stock, the creep rates
decreased with time of testing. Mhinmm rates and time of tramition
to third-s~e creep are shown for the rupt~ tests.

The usual logarithmic curves of stress against creep rate are
ticluded aa figure 7. The creep rates plotted are those at the end of
IOM “hoursof testing or the minimum rates from rupture tests. The
creep strengths for rates of 0.00001 and 0.0001 ~ercent per hour as
defined by these curves are compared in table ~. This table alEo ●

includes creep strengths for tests of 2000-hour duration, as esttited
from the fragnentaq data from tests of this duration and the minimum
rates from rqdaum tests.

There was rebtive~ Mttle effect f&am treatment on the stress for
O.00001-percent-per-hourcreep rate. TQere was only a slight increase
in this creep
The indicated
treated stock
testing there
treatments.

strength as measured by the lower rates at 2000 hours.
O.0001-pezwent-per-hour creep strength of the solution-
increased materially with time, so that after 2000 houxs of
was relatively little difference between the three

.—— ——---- —.-—-- .—-—————---- --
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The cree~ strengths are frequently extrapolated for design purposes
on the lmsis that a rate of O.00@1 percent per hour is equivalent to
1 percent in l(X),000hours and 0.0001 percent per hour.is equivalent to
1 percent in 10,000 hours. Comparison of such extrapolati~ ~th the
exbrapolsted curves for transition to third-stage creep indicates tl@
only the solution-treatedImr-stock creep data can ‘besafely extra-
polated. The hot-rolledmaterial would enter third-stsge creep under
the creep-strength stress before 10,000 or 100,OMl hours. M&apolatian
of creep strengths of hot-cold-workd material would he even less safe.

The data at”1350° F for hot-rolled stock were incomplete and
yezmitted estimation of only the O.0001-penent -per-hour creep strength.
The curve is of doubtful value for extrapolation purposes because the
available data suggest that transition to third-stage creep is more a
function of the thsm Stress. Early third-stage creep could be expected
under a stress corresponding to the O.0001-percent-per-hourcreep
stxmgth .

Stability Characteristics

The hot-cold-worbd bar stock tested at 1200° F and the hot-rolled
bar tested at 1350° F were the most unstable. The hot-rolJed bar
tested at 12~0 F ~ intermediate in this respect while the solution-
treated bar showed the least change in stabili~ characteristics.

Tensile, impact, hardness, and metallogrqhic tests at room
temperature all indicated vary@ degrees of structural instability

during testing of the three types of bar stock. All three materiaM
lost ductility and impact strength, although the data in table IX do not
show any excessively low values. The solution-treatedmaterial was the
only one which did not show an appreciable increase in hardness during
testing.

The microstructure of the original test materials and the
specimens after testing (figs. 8 to U) also show structural instability.
The most pronounced change occurred in the hot-rolled nuterial subjetted
to creep tests at 13~0 F. Apparently a new constituent, the irregular
small clear grains in figure 9(b), formed during testimg at 1350° F.
Considerable p~cipltatlon occurred during testing of the hot-rolled
and solution-treatedstock at 1200° F. There waa practically no change
In the appearance of the hot-cold-worked test uterial during testtog
at 1200° F.

DISCUSSION OF RISULTS

The objectives of this investigat-ionwere twofold. Properties were
to be obtained for three typical types of bar stock in order to clarify
the relative effects of different ty_pesof processing procedures.

.
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Metallurgical studies were to be made so as to develoy an understanding
of the reasons for the changes in propefiies when the processing condi-
tions are varied.

.~perties of Bar Stock

The properties measured were limited to those commonly wed to
appraise an alloy for service h gas tur%ines, particularly for the discs
of rotors. Therefore, the data include only the results of tensile tests
at room temperature and of tensile, rupture, end creep te6ts at 1200° 1?.
Time-total-deformationcurves plotted fl’omthe rupture ead creep test
data ti12 serve as a guide in design. All the data -em applicable to
the selection of the proper type of heat treatment and processing condi-
tions for different tyyes of service.

It was recognized in selecting the types of bar stock to test that,
tram a reproducibility standpotit, hot-rolled material could me quite
va@able, depenMng on the rolling conditims. Hot-rolled stock waa
selected as one of the t~es and hot-rolled material was hot-cold-
worked for another type because these conditions were most representative
of those actud.ly used. bsof ar as possible, however, stock repre-
sentative of the UEual hot-worked product was selected for the tests.

h general, the data show the trends to be expected from the three .
types of treatment:

(1) A solution treatment pzmduces the best properties for long
service at low strain rates (low stresses)

(2) Hot-cold-work@ produces high stz%ngths for relatively short
time periods at M@ strain m.tes (high stresses) with low ductility to
fracture h the rupture test

(3) fit -romd bm stock has intermediate properties

The data do not show the degree of variation to be expected from
nomal. variations in chemical composition, processing, and heat treat-
ment ● In addition to the nozmal spread in data, additional differences
in pzmperties are to be expected when the specified conditions of treat-
ment are changed. Such variations in treatment conditions may lead to
considedil-e alternation of the actual strength of a fabricated part.
Forged discs and sheet, ‘oreven bar stock, cen and frequently do have
lower or higher propetiies than those obtdned in the tests for this
report because the forging conditicms, heat treatments, and degree of
hot-cold-work were changed or were not suitalilycontzmlled under
commercial production conditions. Compemative data for forged discs
have been published in _references 1 and 2.

The data from this tivestigation can he used to approximate the
time period at which the clifferent types of treatamnt produce superior

.
.
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properties for various st- rates. Specific cases W differ frmn
those reported, but the general trends are fairly well shown. The hot-
cold-worked stock tested yro%ably is the least typical of its t~e of
processing of the three conditions conside~d because the properties
before hot-cold-worldngtidicate that considemble hot-cold-work had
occurred during hot-rolMng -

From a practical standpoint, It should be recognized that properties
other than strength under tension may he of equal or even greater impor-
tance for some service conditions. Such factors as corrosion resistance,
fomdng chwacteristics, thezmal shock resistance, ad freedom from
intergmndar precipitation may be of greater importance than strength.
It therefore follom that although it q be possible to select a treat-
ment which will.give the highest rupture or total.-deformation strength
such a treatment may introduce other characteristicswhich would pro-
hibit the use of the material in some applications. b fact, it is
conceivable that it might be desirab~ under some conditions to sacrifice
a considemble smmnt of strength to obtain, for instance, freedom from
intergxenularprecipitation during service by precipitanting and
%glme=tti excess ccmt ituents.

The creey data at 1200°
which may be important:

(1) The volume tends to
rolled conditions during the

F revealed characteristics of 19-9DL alloy

decrease h the solution-treated and hot-
first 200 or 300 hours at 1200° F.

(2) The volume decr~es obscure the characteristics of stress
against creep rate of tests of short duration at low stresses. Tests of
sufficient duration apparently reach the point where secondary creep is
the controlling factor, although there appears to be a period when the
volume change ceases to be effective where fairly rapid creep occurs.

(3) Solution-treatedmaterial has a very long period of decreasing
creep (ffist-stage or primary creep) rate but eventually reaches,a point
where its creep rates are lower under a given stress than those for hot-
ro~ed or hot-cold-worked conditions. This effect is sufficient to give
erroneous, but conservative, creep characteristics from tests of 1000-
hour d~ationj even 2000-hour tests had apparently not established
mbhmm creep rates. The effect of time is not so great under high
stresses so that for relatively short-time tests the rupture character-
istics may be a better criterion of expected performance of the alloy
than the creep rates uuder low stresses.

MetalMrgical Characteristics

IMperience with the test properties of 199DL and other high-
stkength alloys seems to indicate that the properties at clifferent ttie
periods end temperatures are apparently a function of’the size and

._—. — .— —.-
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dispersion of preci~itated particles szuiof strain hardening. Some
poesible generalizations, concerned with the Mluence o~ these phemmena
on propetiies, are as f@lows:

(1) Ineffective s@uijiontmatmentpro@ce8 the highest stTePg@s
for Mme periods in excess of 2000 to 10,000 ho~~ at 1200° l?. Z!hetiw
period for superiority after this treatment decreases with increasing
temperature so,that at temperatures above 1350° F the solution-treated
condition will give ?ihehighest rupture end cree~ prqerties except for
very short time periods.

The outstanding propertied of solution-treatedmaterial are appar-
ently the result of the precipitation of the most effective size and
dispersion of particles of excess constituents in a ptable form during
teqting.

.

(2) Any treatment @ich introdwes cold-work results in a dxructural
instability at temperatures of 1.200°F and higher. The strengths at
short time periods may be high? but the structural instability causes
rapid agglomeration of excess constituents an# possZbly other structural
changes which will result h loss in strength.

(3) Hot-worked materials Gan be quite v~iable h their charac- ‘
teristics, depending on the conditions of hot-working. An effe@ive
solution treatment during heating for hot-wor~ fo~wed bY a ~$h
finishing teqerature with fairly rapid cooling produces a material
sinKlar to that of a solution treatment. A low finisldng teqerature
during hot-work@ will pzmdu.ceproperties chamcteristi~ of hot-cold-
worked material discussed in the next section.

ti sddition, it is possiide that agglomeration of excess consti_hz-
ents can occur when there is considerable reduction at temperatms
above about l~” l?. Reheating for hot-worlclngunder conditions which
do not effectively dissolve precipitated constituents also does the same
thhg. Such materials are characterized by intermediate to low strength
and high ductility h the rupture test.

(4) Hot-cold-workpzmduces a material which cmibines the effects of
cold-work smd precipitation. The actual properties depend on the te~er- .
ature of working, the degree of reduction at these temperatums, and the
initial condition of the material before hot-cold-work. A wide range in
properties is therefore possible. AU the possibilities are not lamwn.
It does appear, however, that the.followlngtrends are justified:

(a) An effective prior solution treatment together with
15 to 20 percent reduction at 1200° to l@OO F produces the highest
possible rupture strengths at 1200° F for time periods up to
2000 to 10,000 hours. Such materials have low elongation h the
rupture test. ●

.
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(b) Hot-cold-workingmateriaJs with previously precipitated .
excess constituents wiKl result in lower strengths and higher
elongation in the rupture tests. Such conditions can occur when
hot-worked material is hot-cold-worked.

(c) The time yeriod over which superior strengths are retained
by hot-cold-worhd material decreases wfth increasing temperature
above 1200° F so that little or no superiority exists above shout
1350° F. This loss in strength is presumably due to the structural.
instability caused by the cold-work and possibly em unstable size,
coqosition, and dis_yersionof precipitates.

(d) Apparently the hot-cold-work does not improve strength at
low strain rates, even at 1200° ,F.

The materials studied in this investigation fit into the preceding
genemlizations in the folJmwing manner:

(1) The hot-rolled stock from heat I%L63apparently approximated a
solution-treated conditiau with a small a?munt of hot-cold-work. Conse-
quently the strength at 1200° F waE somewhat higher than the solution-
treated material and the stability was nearly as good as the solution- .

,

treated stock. The ductility in the rupture test waa low as a result of
the hot-cold-work on effectively solution-treatedmaterial. ,

The hot-rolledmaterial from heat B10429 used for hot-cold-rolling
and for the creep tests at 1350° F was similar to that from heat IU63
except that it was hot-cold-worlmd to’a conside=bly greater extent
during hot-rolling. Stmdn hardedng from this hot-cold-work probably
accounts for the structural instability at 1350° F. The degree of hot-
cold-work, as indicated by the properties; seenmd to be considerably
more than would be anticipated from the reported hot-rolling conditions.

(2) The solution-treated stock tested was normal for a material
with ti effective solution treatment at a temperature low enough to pre-
vent excessive grati growth.

(3) me hot-cold-workedmaterial is difficult to _ze because it
re~resents a severe degree of hot-coM-work at 1200° F appMed to a
material already quite severely hot-cold-worked during hot-rolll@g. The
high strength at short time periods at 1200° F, the high yield strengths,
and the low ductility in the rupture test ere representative of a
material severely’hot-cold-workedafter a fairly effective solution
treatment.

The strm%ural changes occurring during the tests cannot be ade-
,

quately explained. Certainly precipitation and agglomeration of excess
Constituents occur. In addition, the material creep tested at 1350° F
shows evidence of a structural change.which has not yet been properly

.

identified. It probably is, however, connected.withthe formation of
ferrite-six phases. An alloy with an analysis of the type considered

.
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is structurally on the border line for the
ferrite-sigma phases.

CONCLUSIONS

From a study of the tensile, ruptmre,
characterl.stiesat 1200° F for hot-rolled,

IL

coeddence of austenite and

creep, and total-deformation
hot-rolled and hot-cold-

worked, and solutim-treated 19-9DL alloy-bar stock, the following
conclusims were made:

1. The properties obtained were quite typical for the three types
of bar stock in that

a. Hot-cold-work produced the highest strengths in rupture and
creeq tests under high stresses md the more rapid strain rates
considered. This superiority decreased with both time and strain
rate so that the hot-rolled and solution-treated materiaM had
better properties at the longer time periods and lowqr strain
rates. The bar stock tested had properties characteristic of
effectively solution-treated W hot-cold-worlmd stock.

b. The solution-treated material had the best strengths at
time periods longer than several thousand ho”izrs.

c. The hot_-rolkd material.was intermediate in its charac-
teristics. Its properties were characteristic of material effec-
tively solution-treated ~ slightly hot-cold-worked. .

2. The data were _zed, and it was recognized that, while quite
typical, considemtion was not given to variations to be expected from
nomnal chemical composition and production conditions. Likewise, the
data do not show the greater variation to be exyected from deliberately
chang@ the hot-rolling conditions, the temperati and degree of hot-
cold-work, or the solution-treating temperatures.

Comtue=ial products such as forged Mscs, sheet, and bar stock are “
frequently made under conditions clifferent fmm those used on the eqpri -
mental bar stock of this investigation and, consequently, the properties
frequently may be lnwer and less frequently higher than those reported
for the %ypical” stock tested.

*

3. The effect of time end stmiin rate on properties indicates that
the optimum treatment for any particulsx application depends on the
service conditions., It is also @portant to consider the possibility
that other properties than load-carrying ability under tension may be of
ma~or tmportauce h determining the optimum treatment for the alloy.

k. The data seem to agree with the theoq that the strength of the
alloy is.a function of the size and dispersion of precipitated particles

—.—---- ., —.. —.—. . ,—————.-- —-— ——-— . .. ... ...—-— —--- -—-
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together with the amount of cold-work. ksE Of strength Of hot-COld-
worked materials at prolonged time periods seems to he cawed by strut-
tural instability due to cold-work, resulting h agglomeration of excess
constituents and possibly other structural chamges. This structural
tnstebility is increased with tireashg tqemsitures.

University of Michigan
Ann Arbor, Mich., June 30, 1947

.
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TABLE II

RUPTURETEST CHMMCITZUS1’ICSOF 19-9DLAIZOYBARSI’OCII

AT12000F

Ihncesshg and heat
treatment

Hot -rolledand stress-
rell.eved

Heated 1 hr at 2100°F,
air-cooled,and stress-
re~eved

Hot -rolJ-ed,stress-
reldeved,hot-cold-
rolled 20 peroent at
1200°F, and stress-
relieved

stress
(Psi)

48,000
45,003
40,000
37,000

45,000
40,000
36,000
32,5m

6!),000
55,000
y,ooo
46,000
45,000
40,000
40,000
36,000
35,000
35,000

Rupture

time
(h)

@
lx

498

6Q
lM “
693

2069

36
I-23
157-
420
605
843
971
g@

1406
1754

Elongation
(peroent)

17
15
1.1.5
14 .

10
19
30
10

2
2
2
2
2.5
2.5
4
3
4
3“5

Processhg and heat

treatment

Hdt-ml-ledand stress-
relleved

Heated 1 hr at 2100°F,
air-cooled,end stress-
n3Meved

Hot-rolled,stress-
relieved,hot-cold-
rolled20 peroentat
1200°F, and stress-
reMeved

ka~tiOh
of area
@eroent)

18.8
28.0
19.0
29.5

14.0
25.6
33”5
17.8

1.2
2.0
4.0
2.7

:::
1.6
6.1
6.2
1.0

Rupture strength

Stress (psi) for rupture h -

loohr

48,cm

42,~0

54,yo

1ooo hr

37,000

34,ylo

39,000

2000 hr

34,500

32,~

33,000

10,000 hr
(1)

2g,ooo

2g,ooo

23,000

lEstimated.
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DATAm~A.ND mFoR!roTAL IammMmoifATlaxPr

F.3R ~-TTWATEO 19-9MI AI.LOY RAF/ STOCK
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(lSi)
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10, p3 0.0482 lem
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*m
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Tmition to R@ore data
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Tilm9
(m)

Ruptlnw
JJefollmtion -Mm

Ekmgat ion

(percent ) (m)
(JmromLt)
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%
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TKBLE V

DNr.AoIi~Am Tmmm3RTvrAL IImmlmm AT Im)o r m lmT-coID-woEml

199DL MUX BAR @lWK

Tk (hr) for total
TTanEition b

InitiBl
Rupture data

Etreee aefoImBtiom3 of -
tm’d-etage Oreqp

(Pal)
d.efomtlon

(w-oent)

Ih@lre

!lm39 De folxmtion time
Elon@ion

0.1 ~rc.ant 0.2 p3r0at 0.5 ~roent 1“0 ~~~t (hr) (yeroent) (h)
@eroent)

11, cm o.06ul m

15,CKlo -m 85

17,ylo .0833 U 1~

23,KI0 .o~ .-- %5

q, m .I&m --- w

W,CQO .1* --- 4 675
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TIME -IEFORMATIOM

TABLE T-I

STKEW(31’E3AT 1200°

Hot -ml.lea

EkJution-tmated

Hot -cold-worked

“Hot -md.led

Solution-treated

&t -cdd-worbi

Hot -mL3d

solution-treated

&t-cold -worlmd

Hot -rolled

Sdution-tmated

Hot -cold -worked

Hot -ld.ld

EMution -treated

Hot -cold -worked

0.1
.1
.1

.2

.2

.2

1.0
1.0
1.0

Trmwition

Tramsit ion

!l?rmsition

F FOR 19@L BAR STWK

Strain (pel ) t-a cauae total defomtion in -

If)hr

16 MO
1<000
17,po

------

21,000
29,w

37,500

:;;%

41,OoQ
29,!No
------

~-----
------
------

“m b’

13,000
ly,ooo
14,ml

19,020
18,~
25,000

32,Wo
24,m
38,w

36,000
28,coo
------

46,m
41,COo
------

1ooo hr

n,@
u, mo
9,m

16,cm
14,ym
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------
19,000
30,COO

------

23,5W
36,WI

34,003
33,W3
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Zmo hr
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I.o,ooo
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------
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!q,ooo

------
‘z2,yfl ‘
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!q,cmo

U&ooo h’

‘%0,m
43,(XXI
‘a4,ylo
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w, 030
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w, 000
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------

2; E

%2, po
%5, 000
%, 000

1
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TABLE VIII

CREEP STKENGI’HSFOR 19-9DL AIZOYBARSTOIX

.

Treatment

\

Hot -rolled
(Heat ~63 )

solution-
treated

(HeatB10429)

Hot-cold-
~worked

(HeatB10429)

Hot-rolled
(HeatB10429)

aEstimated.

Te@er-
ature
(OF)

. -—

IQoo

1200

U200

1350

Creep strengths (p3i) from tests at -

0.00001 peroent/hr

iooo br

9,500

10,000

11,000

------

.-

2000III?

11,000

11,000

a14,ylo

------

.

0.0001 peroent/hr

1ooohr

22,000

15,mo

25,000

5,700

-.

2000 hr

22,000

%25,000

%25,000

---=--

---- —...__ -—,..- —.— -— —.. . ...-— .. ..-— —. .-. ..—. — —.— ..._ .—---- ..— —...
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Figure 1.- Curves of stress against rupbure time at l~Oo F for 19-9DL alloy tar sbck.
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Figure 2.- Curves of stress against time for totaldeformation at lZ300 F for hot-rolled

~r stock of 19-9DL alloy.
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Figure 3.- Curves of stress against time for btal deformation at 1Wlo F for hot-rolled

19-9DL alloy bar stock.
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100X 100ox

.

(a) Original microstructure.

100X 100ox
(b) Microstructure after creep testing at lZOOo F for 1150 hours

under 20,000 psi. =!@=

Figure 8.- Microstructureofhot-rolled19-9DL alloybar stock(heatN163).
Aqua regiain glycerineetch
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.

loox looox
(a) Original microstructure

100X looox
(b) Microstructure after creep testing at 13Wo F for 987 hours.

under 12,000 psi.
=&=

Figure 9.- Microstructie ofhot-rolled19-9DL ‘&lloybar stock(heatB10429;
bar 2). Aqua regiainglycerineetch.
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100ox
(a) Original microstructure. =%=

F@ure 10.- Microstructureofsolution-treated19-9DL alloybar stock.
Aqua regia.inglycerineetch.
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100X 100ox(b) Microstructure after creep testing at 12000 F for 1005 hours
under 20,000 psi.

Fracture - 100X .

~.. -.–. — ___
c

*T.- ._
~. – . . . . . .

~“

titerior - 1000X
(c) Microstructme of fractured rupture specimen; 2069 hours

for rupture at 12000 F under 32,500 psi.
=&=

.

I?igure10.- ~oncluded.
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loox

39

100ox
(a) Original microstructure. w

Figure 11.- Microstructureofhot-cold-worked19-9DL alloybar stock.
Aqua regiainglycerineetch.
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100X 100ox
(b) Microstructure after creep testing atlXIOoFf orl 005h ours

under ~ ,000 psi.

Fracture - 100X Interior - 1000X
(c) Microstructure of fractured rupture specimen; 1406 hours for

rupture at lZOOo F under 35,000 psi.
-

Figure 11.- Concluded.
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